LBNL-45312

Payback Analysis of Design Optionsfor Residential Water Heaters

Alex Lekov
James Lutz
Camilla Dunham Whitehead
James E. McMahon

Energy Efficiency Standards Group
Environmental Energy Technologies Division
Lawrence Berkeley National Laboratory
Berkeley, California 94720

As published in the Proceedings of the ACEEE 2000 Summer Study on Energy Efficiency
in Buildings, Asilomar, CA, August 20-25, 2000, sponsored by the American Council
for an Energy-Efficient Economy

Thiswork was supported by the Office of Building Research and Standards of the U.S. Department of Energy under
Contract No. DE-AC03-76SF00098.



Payback Analysisof Design Optionsfor Residential Water Heaters

Abstract

This paper describestheresults of an andysisto determine the costs of increased energy efficiency
for resdential water heaters. In thisstudy, cost and efficiency datawere developed for atotal of 23 design
optionsfor typica tank sizes applied to one or more of three water heater product classes, i.e., electric,
gas-fired, and oil-fired.

Thisanadyss used computer smulation models and other analytical methods to investigate the
efficiency improvements due to design options and combinations of designs. The calculationswere based
onthe U.S. Department of Energy (DOE) test procedure for residential water heaters. The anaysis
included twoinsulation bl owing agents based on non-ozone-depl eting substances- HFC-245faand water-
blown. The analysis used average manufacturer, distributor, and installer costs to cal cul ate the costs of
different water heater designs. Consumer operating expenses were caculated based on modeled energy
consumption and U.S. average energy prices. With thisinformation, a cost-efficiency relationship was
developed to show the average manufacturer and consumer cost to achieve increased efficiency. The
resultsprovidedtheengineering basisfor DOE’ sproposed efficiency standard for resdentia water hesters
These data were subsequently used in the Life-Cycle Cost and Nationa Energy Savings components of
the appliance standards rulemaking process.

I ntroduction

The National Appliance Energy Conservation Act of 1987 (NAECA) requires the U.S.
Department of Energy (DOE) to consider amendments to the energy conservation standards to increase
efficency inresidentia water heaters. Residentia water heating representsalarge opportunity for savings
because it uses about 2.6 quads of the total of 19 quads per year primary energy (year 1997) used in
residentia buildingsat an annua cost of $26.4hbillion. Two additiond driving forcesaffecting water heater
energy efficiency are the issue of flammable vapors in gas-fired water heaters and ozone-depletion
regulations regarding blowing agents for insulation in all water heater fuel types.

For the anadyss, the following steps were gpplied: 1) identify design optionsthat are expected to
increase energy efficiency, 2) quantify the expected improvementsin energy efficiency, and 3) estimate
consumer coststo purchase, ingtal, operate, and maintain the higher efficiency water heaters. Thismethod
wasagppliedto residentid eectric, gas-fired, and oil-fired water heatersof atypicd size, i.e., 50-gd (190-1)
electric, 40-gal (150-1) gas-fired, and 32-ga (190-1) oil-fired.

“Priceefficiency results’ werepresented to demonstrateincreased cost and efficiency duetodesign
options and combinations of design options within each product class of residential water heaters. The
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andydsused computer s mulation model sfor electric and gas-fired water heatersand a spreadsheet model
for oil-fired water heatersto investigate the efficiency improvements of design options and combinations
of design options. All calculations were based on DOE’ stest procedure for measuring the energy factor
of residential water heaters (CFR 1998).

The studied design optionswere ranked by payback period. Payback period measuresthe amount
of time needed to recover the additional consumer investment in increased efficiency through lower
operating costs. National average energy prices (in 1998%), $0.0788/kwh for electricity and
$6.42/MMBtu for natural gas, taken from Annua Energy Outlook 1999 (EIA 1999), were used for the
payback cdculations. Manufacturers' cost datafor the design optionswere obtained from Gas Appliance
Manufacturers Association (GAMA 1998) and an industry consultant (Minnier. M.,1998). Additionally,
retailersandingallersaround the country provided retail pricesand installation costsof water heaters. The
retail price of the water heater equipment and the installation cost are detailed in the Water Heater Price
Database (DOE 1999). Thetota installed cost was developed by adding sales tax and manufacturer,
distributor, and installer markups on to factory costs.

Theandyss results showed a cost-efficiency relationship between manufacturer and consumer
costsand increased efficiency. Results of thisandysiswere used to select and rank order the combination
of design options for the Life-Cycle Cost Analysisin the standards rulemaking process (DOE 2000).

Overall Analytical Approach

Exigingwater heater efficiency sandardshavebeenin effect snce 1991. Overdl energy efficiency
is measured in terms of an energy factor (EF) and is determined by the DOE test procedure. Current
standards call for an EF = 0.93 - (0.00132 x rated volume) for eectric; an EF = 0.62 - (0.0019 x rated
volume) for gas-fired; and EF = 0.59 - (0.0019 x rated volume) for oil-fired water heaters.

The starting point for analyzing design optionsfor energy efficiency improvements were basdline
units. For each product class, the basdline unit was onethat just meetsthe existing tandard. Table 1 shows
characteristics of the baseline unit for each of the three primary product classes.



Tablel. General Characteristics of Water Heaters Basaline Units

Characteristics Electric Gas Oil
Rated VVolume 50-gallon (190-1) 40-gallon (150-1) 32 galon (120-1)
Insulation Blowing Agent HCFC-141b HCFC-141b HCFC-141b
I nsulation Thickness (nom.) 15in. (3.8cm) lin. (25cm) lin. (25cm)
Rated Input 4,500 W 40,000 Btu/hr (11,700 W) 90,000 Btu/hr (26,000 W)
Ignition System N/A Pilot at 450 Btu/hr (120W) Interrupted Ignition
Energy Factor (EF) 0.86 0.54 0.53
Recovery Efficiency (RE) 98% 76% 75%

Two actions by Federal agencies outside of the efficiency standards process affected these
anayses. Firgt, manufacturers reached an agreement with the Consumer Product Safety Commission
(CPSC) toproducegas-fired water heatersresi stant toigniting flammablevapors. Thisdesignwasassumed
to have no impact on efficiency, but would increase the price of al gas-fired water heaters. Second, the
U.S. Environmental Protection Agency (EPA) required a phase-out by January 1, 2003 of the ozone-
depleting hydrochlorofluorocarbon (HCFC-141b) blowing agent currently used by the water heater
industry for polyurethaneinsulation. Thisrequirement will affect theefficiency of al water heaters because
of the different physical properties of the new insulation. Two alternative blowing agents, water and
hydrofluorocarbon 245fa (HFC-245fa), were considered in this analysis. Published laboratory
measurements(see Table 2) of the properties of water heater insulation blown with water or HFC-245fa
were used (Fanney, Zarr, Ketay-Paprocki,1999).

Table2. Water Heater Insulation Characteristics w/ Different Blowing Agents

W/ HCFC-141b | _w/ HFC-245(a W/ Water
neulation conductiviey 0000233 0.000240 0.000331 Btu/ft-minEF
Y |BtwftminEF Btu/ft-min-EF (0.034327 W/m-K)

A digtinction was made between baseline models containing current technologies and future
baseline models that were expected to incorporate the two new mandated features. The current
technologieswerereferredto as* existing” baseline model sand the future technologiesas* 2003” basdine
models (the year when new efficiency standards are proposed to take effect).

The energy performance for each of the three classes of water heaters were modeled with either
acomputer s mulation program or asimplified ca culationmethod. The computer smulationswereusedto
determinetheenergy-efficiency characteristicsof thewater hegter (e.g., EF, Recovery Efficiency (RE), and
standby hest loss coefficient, (UA)), based on the DOE test procedure. For the electric water heater
andyss theandyssused WATSIM, adectricwater heater smulationprogram (Hiller 1992). For thegas-
fired water heater analysis, the procedure used the TANK smulation tool (Paul 1993). A smplified water
heater analysis model (WHAM) was used for the analysis for oil-fired water heaters (Lutz 1999).
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Computer smulations of existing baseline modesfor al three fud types used characteristics of
water heaters recently available on the market and included specifications described for basdine models
(seeTable 1). The 2003 basdline mode sused foam insul ation blown with water or HFC-245fa. Although
the cost of water-blown insulation was lower than the cost of HFC-245fa, it was also 42% less effective
asan insulation compared to HCFC-141b as ablowing agent. By comparison, HFC-245fawas projected
to be 2.5 times more costly than HCFC-141b, but it was only 3% less effective as insulation blown with
HCFC-141b. To model the 2003 baseline € ectric water heater with the alternative blowing agents so that
they still meet current efficiency standards, thefoaminsulationthicknesswasincreased to 2.12in. for water
and 1.55 in. for HFC-245fa. To keep the energy characteristics of the new basdinesfor gas-fired water
heaters equivalent to the HCFC-141b basdline, the foam insulation thickness was increased from 0.981
in.to1.31in. for water and 1.0in. for HFC-245fa. For the oil-fired water heater basdlinefor thedternative
blowing agents, the foam insulation thicknesswasincreased from 0.981 in. to 1.41 in. for water and 1.01
in. for HFC-245fa.

Design Option Selection and M odeling M ethodology

Table 3 showsthedes gn optionsanalyzed for each water heater class. Only design optionsalready
in use or that have been tested as prototypes were analyzed.

Table3. Water Heater Design Options

Design Option Electric Gas Oil

Hesat Trap Yes Yes Yes
Insulation Thickness 2", 25", 3" 2", 25", 3" 2", 25", 3"
Insulated Tank Bottom Foamed disk/bottom N/A N/A
Plastic Tank Steel Shell & Plastic Liner | Only with Side Arm Heater N/A
Increased HX Area N/A N/A 82% RE
Improved Flue Baffle N/A 78% RE & 80% RE 78% RE
Electromech Flue Damper N/A Yes N/A
Electronic Ignition, 11D N/A Yes N/A
Side Arm Heater N/A Yes N/A
Interrupted Ignition N/A N/A Yes

Designoptionsthat improve the efficiency of water heaters were grouped into two categories: 1)
those that reduce standby losses and 2) those that improve combustion efficiency.

Designs Option for All Water Heaters

Desgnsthat reduce standby losses—hest traps and increased jacket insulation—are frequently



goplicableto all fuel types. A heet trap preventslosses associated with thecirculation of hot water into the
water heater plumbing when hot water isnot being drawn and thus minimizing standby hesat 1oss. Tomodel
the impacts of heat traps for water heaters, the natura convection heeat transfer losses at the supply and
draw lines were reduced.

Manufacturers insulate water heaters by filling the cavity between the jacket and the tank with
polyurethane foam insulation. Most water heaters on the market today have at least 1-inch thick foam
insulation, whilesomemode shave2- or 3-inchthickinsulation. Althoughincreasingtheinsul ationthickness
reduced standby heet loss, the increased overadl diameter of the water heater could pose shipping cost
increases and installation problems.

Other design options reduce standby losses, but are usualy unique to agiven water heater class.
Designs Option for Electric Water Heaters

Plastic water heater tanks reduce conducted heat. There are several methods for constructing
plastic water heater tanks. Thisandysismode sathin sted shell withaninternd plastictank. Thelower heat
conductivity of the plastic compared to stedl reduces the heat conducted through the tank wall to the
insulation. (Plastic tanks cannot be used with center-flue gas-fired water heaters because they cannot
withstand the high temperatures produced by the flames.)

The bottom of the tank can be insulated but only in eectric (or indirect gas-fired, e.g., Sdeam)
water heaters. Insulating the bottom of electric water heater tanks reduces standby loss. A foamed
“disk/bottominsulation” assembly isused for the tank bottom insulation. The bottom insulation portion of
the disk/bottom insulation assembly reduces the heat osses from the bottom of the tank, and the disk
portion reduces conductive heat losses through the perimeter rim of the tank bottom.

Designs Option for Gas- or Oil-Fired Water Heaters

A damper ingalled on the flue of gas-fired water heaters minimizes off-cycle heet losses. During
off-cycle, agas-fired water heater |osesheat by natura convection uptheflue. A damper can minimize off-
cycle heat losses. A flue damper was modeled by adjusting the off-cycle pressure loss coefficient.
Electromechanical flue dampers were considered only in conjunction with electronic ignition systems.

Unlike standing pilotsthat consume gascontinuoudly, eectric ignition devices operate only at the
beginning of each on-cycle. Although no increase exists in steady-dtate efficiency with use of electronic
ignition devices, overdl fue consumption may be reduced. Burner on-time may increase to make up for
the heat thestanding pil ot woul d have supplied during standby periods. Tota on-cycle power consumption
includes the power draw of the gas vave, control module, and eectronic thermostat. The only off-cycle
power consumption is the electronic thermostat.



Thesdearm heater design on gas-fired water heatersusesaseparateheat exchanger to heat water
and asmdl circulation pump. Thisdesign avoidslarge flue losses by removing the flue from the center of
the tank. Water is withdrawn from the bottom of the tank, heated by a burner in a small, separate heat
exchanger, and returned to the top of the tank. A small circulation pump moves water through the heat
exchanger whenthe burner ison. The basic design incorporates an intermittent pilot ignition deviceand 1
in. (2.56 cm) of HFC-245faor 1.31in (3.33 cm) of water-blown insulation and were andyzed with three
REs. 76%, 78%, and 80%. The calculation was based on the WHAM energy calculation method.

Two design optionswere cons dered that improve combustion efficiency. Thefirst wasincreased
heat exchangefrom aflue baffle. A flue baffleisatwisted strip of metd inserted into the flue of agasor ail
water heater that improves heet transfer to the flue wall. Flue, in this context, refersto the "internal gas
passageway"” inddefuel-fired water heaters. A flue baffle with optimized geometry can increase RE from
76% to as much as 85%, depending on the specific geometry. This andysis consdered REs of 78% and
80%. Inthe case of oil-fired water heaters, the flue losseswere reduced during on-time only. Existing oil-
fired water heaters have RES ranging from 75% to 83%.

The second design, increased heat exchanger surface area using multiple flues, improves heat
transfer from the flue gasto the water. Thisdesign option was applied to oil-fired water heatersonly. It is
based on a design which uses small fins on the inner flue surface to increase the heat-transfer area and
turbulence. Its energy performance was modeled by increasing the RE of the 2003 basdline model from
0.751t0 0.82.

M anufacturer Costs

Once the design options and the combinations of design options were selected, the costs to
manufacturers and consumers were determined, then the design options were rank ordered according to
least cost per unit of energy savings. These analyses used the incrementa costs of adding design options
to abasdline modd. Manufacturer cost estimates were for a 50-gallon el ectric water heater, a40-galon
gasfired water heater and a32-galon oil-fired water heater and were expressed on a per-unit basisasan
incremental cost over the existing baseline design.

Cost estimatesfor existing basdinemodd s—an dectricwater heater with 1.5in. (3.8 cm) of jacket
insulation and agas-fired water heater with 1 in. (2.5 cm) of jacket insulation, both usng HCFC-141b as
a blowing agent—were supplied by GAMA.. The cost of an existing basdline oil-fired water heater was
provided by industry consultants.

To convert the baseline manufacturer costs associated with foam insulation blown with HCFC-
141btoinsulation blown with HFC-245fa or with water, theamount and cost of materialsassociated with
varying thicknesses of insulation were estimated. Materid costs for the HCFC-141b foam insulation is



$1/1b ($2.2/kg) and for the sheet metal, $0.30/Ib ($0.66/kg). It was assumed manufacturers will maintain
thetherma resistanceof their baselinemodel when switching from HCFC-141bto andternativeinsulation.
InTable4, it can be seen that the actud thicknesslevd for 1.5in. or 1in. of HFC-245fa and water-blown
insulation are greater than for HCFC-141b because of the higher conductivity.

Table4. Basdine Model Manufacturer Costs

Design Total Mfg Cost ($)
Electric Water Heater
Existing Baselinew/ 141b - 1.5in (3.81 cm) 121.73
2003 Baseline w/ 245fa - 1.55in (3.94 cm) 123.87
2003 Baseline w/ water - 2.12 in (5.38 cm) 131.54
Gas-fired Water Heater
Existing Baselinew/ 141b - 0.981 in (2.49 cm) 133.78
2003 Baseline w/ 245fa- 1.00 in (2.54 cm) 169.89
2003 Baseline w/ water - 1.31in (3.33 cm) 172.98
Oil-fired Water Heater
Existing Baselinew/ 141b - 0.981 in (2.49 cm) 139.25
2003 Baseline w/ 245fa- 1.01 in (2.57 cm) 140.27
2003 Baseline w/ water - 1.41in (3.54 cm) 144.16

Table 4 presents manufacturer cost estimates for the baseline water heaters with HCFC-141b,
HFC-245fa, and water-blown insulation. The material costs for the 2003 baseline models include the
difference in materid costs between HCFC-141b and HFC-245fa and between HCFC-141b and water-
blownmodels. Inaddition, inorder toresist theignition of flammablevapors, themanufacturing cost of gas-
fired water heaters includes a $35 charge.

Tables 5aand 5b summarize manufacturers cost for incorporating different design options into
basdine water heaters. GAMA provided most of the design option manufacturer costswith the exception
of those associated with oil-fired water heaters, plastic tanks, and side-arm hesters, which were provided
by industry consultants.

Manufacturer costsfor heat traps for eectric and gas-fired water heaters differed dightly dueto
thedifferencesin productionvolume. Higher manufacturer costfor heat trapsusedin oil-fired water heaters
reflected the smdler production volume and design differences. Costs included heat traps on both the
supply and draw lines.

Manufacturer cost data provided for jacket insulation included increases from a basdline level to
athicknessof 2.0in. only. This costs, modified for both HFC-245fa and water-blown foam, was used to
approximate the cogts for 2.5-in. (6.4-cm) and 3-in. (7.6-cm) of insulation. In the case of water- blown
insulationfor electric water heaters, no cost wasestimated for 2.0-in. insulation, becausethe 2003 basdline
model already had an insulation thicker than 2.0 in.
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Manufacturer costsfor theinsulated tank bottom and plastictank el ectricwater heater desgnswere
based on dataprovided by industry consultants. The plastic tank design costsincluded an amount required
to convert basdline production to thenew design and was based on an assumed basdlinemodd production
volume of 40,000 units per year.

The cost provided for the improved flue baffle design for gas-fired water heaters was only for
increasng the RE to 78%. It was assumed that the cost to increase RE to 80% was the same as the cost
toincreasethe RE to 78%. Thelargest component of themanufacturing cost increase was product design.

Manufacturer costs for electronic ignition were based on replacing a standing pilot with an
intermittent pilot ignition device. The cost of thedectronicignition systemwasbased entirely on datafrom
GAMA.. Inthe case of oil-fired water heaters, the reported cost reflected the change from intermittent
ignition to an interrupted ignition system. The dectromechanica flue dampers were only analyzed with
electronic ignition systems.

The manufacturer costsfor six types of Sde arm heater designs are also summarized in Table 5b;
76%, 78%, and 80% RE designsthat useameta tank and 76%, 78% and 80% RE designsusing aplastic
tank. It wasassumed that the cost difference between the 76% and 78% RE designs and between the 76%
and 80% RE designs are the same as the cost of the improved flue baffle design. This assumption meant
heat exchanger costsfor a78% RE design would be higher than those for a 76% RE design. It was also
assumed that the cost to switch from a 76% RE design to an 80% RE design was equivaent to the cost
to switch to a 78% RE design. Theincrementa manufacturer costs associated with al Sx Sdearm design
options included electronic ignition.

Table 5a. Incremental Manufacturer Costsfor Water Heater Design Options
Total Incremental Mfg Costs (per unit) ($)
Design Electric Gasfired Oil-fired
Heat Traps 401 3.32 4.67
HFC-245fa: Incr. Insulation - 2.0in 17.40 16.59 15.31
Incr. Insulation - 2.5in 29.73 28.09 20.38
Incr. Insulation - 3.0in 44.50 42.63 25.60
\Water-blown: Incr. Insulation - 2.0in - 11.72 4.85
Incr. Insulation - 2.5in 13.60 24.33 14.04
Incr. Insulation - 3.0in 27.15 38.14 18.71




Table5b. Incremental Manufacturer Costsfor Water Heater Design Options

Total Incremental Mfg Costs (per unit) ($)

Design Electric Gasfired Oil-fired
I nsulated Tank Bottom 391 - -
Plastic Tank 27.25 - -
Improved Flue Baffle - 6.44 62.90
Electronic Ignition (11D) - 62.26 80.40
Metal Tank: 76% RE Side Arm Heater - 105.13 -

78% RE Side Arm Heater - 111.57

80% RE Side Arm Heater - 111.57
Plastic Tank: 76% RE Side Arm Heater - 118.98

78% RE Side Arm Heater - 125.42

80% RE Side Arm Heater - 125.42 -
Increased HX Area - - 146.35

Retail Price, Installation, and M aintenance Costs

Retail price was defined asthe cost to the consumer of the water heating equipment only. Retail
price of abasdline water heater was afunction of the length of the manufacturer’ s warranty. Baseline
modds had up to six-year warranties. All price data came from the Water Heater Price Database, which
containsinformationfrom morethan 130retail stores, wholesaledistributors, and plumbing contractorson
more than 1100 water heater models.

Themedian retail price for a baseline 50-gallon (190-liter) electric storage water heater was
$181.58. The manufacturer cost of an existing electric baseline water heater was $121.73. Dividing the
median retail price ($181.58) by the manufacturer cost ($121.73) yielded a manufacturer cost-to-retail
price markup of 1.49. The median retail pricefor abaseline 40- gallon (150-liter) gas-fired storage water
heater was $163.00. The manufacturer cost of an existing gas-fired basdine water heater was $133.78.
Dividingthemedianretail price($163.00) by themanufacturer cost ($133.78) yiel ded amanufacturer cost-
to-retail price markup of 1.22. The estimated consumer cost for abaseline 32-gal (120-1) oil-fired water
heater, without a burner, was $446. The estimated manufacturing cost was $139.25. The typical
manufacturer-to-retail markup was 3.2. National average sales tax was assumed to be 5%.

A consgtant baselinemanufacturer cost-to-retail pricemarkupwasassumedfor all of designoptions
congdered here. Theretall pricefor any modified design was determined by multiplying the manufacturer
cost by the derived markup and adding a 5% sales tax.

Theingtdlation and maintenance costswere part of thetota ingtadled cost. Themedianingdlation
cost for the 50-gallon basdline dectric water heater was $155, for the 40-gallon basdine gas-fired water
hester, $159, and for 32-gallon oil-fired water heater, $491. No extramaintenance costs were associated
with baseline eectric and gas-fired water heaters with the exception of the sde-arm design, which was
estimated at $14.73 per year for the circulation pump failures. Typical annual maintenance cost for a



baseline oil-fired water heater was $97.14.
Efficiency Potentials and Payback Periods

Thegoal of thisandysiswasto estimatethe energy savingspotential andcostsof individua design
options and combinations of design options. The gpproach used was to add individua design options or
combinations of design optionsto thebasdineunit. First, aset of design combinationsfor all threefuel types
and for the two “2003" insulations was established. The analysis then developed a cost-efficiency
relationship to show the manufacturer and consumer cost to achieve increased efficiency. The following
describethecombinationsof designoptionswhichwerefoundby theana ysisto bethemost technologicaly
feasible and economically justified.

For electric water heaters using the blowing agent HFC-245fa, the highest EF attainable was
0.912, achieved using heat traps, 3-in. (7.6-cm) jacket insulation, an insulated tank bottom, and a plastic
tank. The payback period for this design was 8.21 years compared to a basdline unit (EF 0.86). Energy
savings were 250 kWh/yr (a 5% savings compared to a baseline unit). Modd s incorporating heet traps,
2.5in. insulation, and an insulated tank bottom had an EF of 0.901 and a payback of 3.69 years. This
design saved 203 KWh/yr (4.1%) in dectricity. For water-blown insulation, the highest EF attainable was
0.894, achieved with hest traps, 3-in. (7.6-cm) jacket insulation, an insulated tank bottom, and a plastic
tank. The payback period for this design was 9.86 years and energy savings werel73 kWh/yr (3.5%).
Models incorporating heet traps, 2.5-in. insulation, and an insulated tank bottom had an EF of 0.883 and
apayback of 3.67 years. Thisdesign saved 117 kWh/yr (2.4%).

For gas-fired water-heaters using HFC-245fa as the blowing agent, the highest EF attainable was
0.715, achieved by usingasdearmdesign, eectronicignition, animproved flue baffle (80% RE), aplagtic
tank, 3-in. (7.6-cm) jacket insulation, and hest traps. The payback period for this design was 10.3 years
compared to abasdine unit (EF 0.54). Energy savings were 7.70 million Btu/year (27.5%). Models
incorporating hest traps, 2 in. insulation, and 78% RE had an EF of 0.592 and a payback of 3.27 years.
Thisdesign saved 1.93 million Btu/year (6.7%). For water-blowninsulation, the highest EF attainablewas
0.706, achieved with aside arm design, ectronic ignition, 80% RE, aplagtic tank, 3-in. (7.6-cm) jacket
insulation, and hest traps. The payback period forthisdesgn was 10.7 years and energy savingswere 7.42
million Btu/year (26.6%). Models incorporating hest traps, 2 in. insulation, and 78% RE had an EF of
0.583 and a payback of 3.26 years. This design saved 1.63 million Btu/year (5.7%).

For oil-fired water heaters usng HFC-245fa as the blowing agent, the highest EF attainable was
0.614, achieved byusingintermittentignition, 82% RE, 3-in. (7.6-cm) jacket insul ation, and hegt traps. The
payback period for thisdesign was 15.5 years compared to abaseline unit (EF 0.53). Energy savingswere
3.6 million Btu/year (12.9%). Models using heet traps only had the shortest payback period of 6.1 years
and an EF of 0.535. Thisdesign saved 0.31 million Btu/year (1.1%). For water-blown insulation, the
highest EF attainable was 0.6058, achieved with an intermittent ignition, 82% RE, 3-in. (7.6-cm) jacket
insulation, and hest traps. The payback period for this design was 15.1 years with energy savings of 3.4
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million Btu/year (12.1%). The design option using 2 in. insulation had an EF of 0.537 and a payback of
4.62 years. This design saved 0.43 million Btu/year (1.5%).

The results showed that energy efficiency measurements could be increased by 6 EF points for
eectric, 17 EF pointsfor gas-fired, and 9 EF pointsfor oil-fired water heaters. Figures 1, 2, and 3 depict
asmple payback period and EF for the selected design options. The two curves present the payback in
yearsvs. the energy factor for water heaters with HFC-245fa and water-blown insulation. For purposes
of comparison, lifetimes of water heater average 12 yearsfor eectric and 9 years for both gas-fired and
oil-fired water heaters.

Conclusions

This study determined the costs of increased energy efficiency for residential water heaters by
developing price and efficiency datafor design options and combinations of design optionsfor each type
of water heater. It rank ordered design options based on the shortest payback period.

The results show that in the case of dectric and gas-fired water heaters, the HFC-245fa based
insulationshowsanoveral higher efficiency andlower payback period comparedtowater-blowninsulation
for the same design options. Even though the water-blown insulation isless expensive, itsimpact on the
energy efficiency of thewater heater islower dueto itshigher conductivity. A payback of lessthan4 years
is considered an acceptable criteriafor a cost-effective design option.

For eectricwater heaterswith HFC-245fainsulation, it was possible to achieve energy factorsas
high as 0.90 with an energy savings of about 5% and a payback of about 4 years. For water-blown
insulation, the energy factor could reach 0.88 with an energy savingsof about 2.4% and a4-year payback.
For gas-fired water heaterswith HFC-245fainsulation, it was possible to achieve an energy factor of 0.59,
with an energy savings of about 6.7% and a payback of about 3.3 years. For water blown insulation, the
energy factor could reach 0.58 with energy savings of about 5.7% and a 3.3-year payback. For oil-fired
water heaterswith HFC-245fainsulation, the efficiency level with an energy factor of 0.54 would have an
energy savingsof about 1.1% and apayback of morethan 6 years. For water blown insulation, an energy
factor of 0.54 would have an energy savings of about 1.5 % and a 4.6-year payback.

Fromthese results, it can be concluded that significant improvementsin energy efficiency can be
achieved for electric and gas-fired water heaters with economic benefits to consumers.
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Figure 2. Payback vs. Energy Factor: Oil-Fired Water Heaters, 32-gal (120 )
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Figure 3. Payback vs. Energy Factor: Gas-Fired Water Heaters, 40-gal (150 )
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